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The rela tion existing in vivo between the reservoir 
function of the stratum corneum following a 30-min 
a pplica tion time a nd the total percutaneous absorption 
of molecules applied for a longer time was studied on 
hairless rats. One thousand nanomoles of 4 radiolabeled 
molecules (theophy lline, nicotinic acid, acetyl salicylic 
a cid, benzoic a cid) were applied on 1 cm2 of back skin 
for 0.5 , 2, 4 , and 6 h. The total recovery in excreta and 
the whole animal body were measured 4 days later in 
order to de termine the level of absorption. A direct 
proportionality (r = 0.99) between the total percuta-
neous absorption of these compounds and the duration 
of the ir a pplication was observed. This suggests that a 
consta nt flux of penetration does exist in vivo. The 
r eservoir function of the s tratum corneum was mea-
sured by successive stripping of the treate d area. Fol-
lowing a 30-min application, a strict correlation (r = 
0.99) between the tota l amounts of molecules penetrated 
in 4 days a nd the amounts found in the reservoir of the 
horny layer was demonstrated. 
All together these findings show that the simple 
knowledge of the reservoir effect of the s tratum cor-
ne um for a molecule applied for 30 min allows the pre -
dictive a ssessment of its total pe netration resulting from 
va rious times of a pplication. 
T he abso rpt ion level of molecules has been proved dependent 
on the condi t ions of application, which may part ly expla in t he 
va rying resul ts reported in the li terature fo r t he same com-
pound. T hus t he spec ies [1 ,2 ], t he anato mic site chosen [3,4], 
t he dose administe red [5- 7], the vehicle used [1 ,8], and t he 
du ration of application [ 1,9] are facto rs known to considerably 
influence the percutaneous absorpt ion of a molecul e. 
In a prev ious study on the ha irless rat using 10 different 
radiolabeled substances [10], we demonst rated a correlation 
between the amoun ts found in t he stratum co rneum at the end 
of a 30- min application t ime and the tota l amounts penetrated 
wit hin 4 days. S imila rl y, we obta ined an identica l correlation 
in humans [7'1, t hus establishing a predicti ve method for per -
cuta neous abso rption studies on these two species, in the par-
t icul a r case of a 30- min application. 
S ince the t ime of application of a compound may be closely 
linked to its fi eld of use, it was in teresting to verify that t he 
measurement of the rese rvoir fun ction of stratum corneum 
after a 30-min application could a lways predict the penetration 
leve l of a give n molecule in the case of different duration times 
of application. 
MATERIALS AND METHODS 
Mal e rials 
T he study was perfo rmed on 4 radiolabe led molecul es (T he Radi-
oc hem ica l Ce nt re, Amersha m, U.K.) : jiV ''C ]t heophylline, [ca rboxyl-
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TABLE I. /{ inet.ics of urinary excretion of the molecules according to 
their application time on the hairless ra t 
Urin a ry exc retio n 
Compounds 
[application time (h)] T ime in hours 
00- 2•1 24- 48 48- 72 72- 96 
T heophylline 
O.!i 0.58" 0.54 0.26 0.23 
(0.07)" (0.08) (0.04) (0.03) 
2 3.28 1.59 0.61 0.29 
(0.84) (0.37) (0.11 ) (0.08) 
4 7.35 2.05 0.92 0.47 
(1.15) (0.80) (0.28) (0 .03) 
6 16.37 3.05 0.74 1.02 
(3.50) (0 .50) (0.14) (0.36) 
Acety l sa licy li c ac id 
0.5 3.48 1.79 0.99 O.GO 
(0.78) (0.()4) (0.15) (0.08) 
2 12.88 4.00 2.51 1.91 
(0.83) (0.51 ) (0.77) (0.31) 
4 37.58 4.87 1.76 1.05 
(3.99) (1.08) (0.42) (O. l f)) 
6 53.67 11 .81 4.33 2.4 1 
(12.33) (2.44) (1.1 5) (0.50) 
N icotinic ac id 
0.5 1.29 2. 19 1.80 1.39 
(0.48) (0.54) (0.19) (0. 19) 
2 3.12 5.3:3 3.96 3.86 
( 1.25) (1.64 ) (1.34) (1.26) 
4 15.46 13.62 9.69 9.25 
(3.48) (4.85 ) (2.83) (1.73) 
6 26.47 25.22 15.oa 12.ao 
(9.09) (9 .4 4) (4.95) (4. 12) 
Be nzoic ac id 
0.5 14.67 1.47 0.85 0.49 
(1.83) (0.40) (0.30) (0.11 ) 
2 62.69 4.94 3.4 4 2.03 
(2 .41) (0.82) (0.16) (0.20) 
4 128.99 :u o 2.10 1.39 
(12.:31) (0.65) (0.74) (0.32) 
6 166.22 3.24 2. 19 1.54 
(23.:36) (0.42) (0.79) (0.90) 
"Expressed in nnw I · cm- 2 applica tion a rea. 
"SO (n = 5). 
' ''CJnicotinic ac id , [carboxyi-' ''C ]acety l sa licy lic ac id, a nd [ring- '·'C J 
benzo ic ac id. The total pe rcuta neous absorpt ion wit hin 4 days fo r each 
compound a nd each app lication t ime was ca rried out on groups of 5 
ha irless ' prague- Dawley female ra ts, 12 weeks old and weighin g 220 ± 
20 g. The stratum corneum reservoir fun ct ion was assessed fo r eac h 
compound on a group of 5 a nimals a fte r an application time fi xed a t 
30 min . 
Application Co nditions 
On previous ly anesthet ized a nima ls (i.p. injection of 0.5 ml/ kg )'-
bu ty rolactone) , 20 ,.d of a so lu t ion conta ining 1000 nmol o f each 
subs tance wa applied onto a l -cm2 a rea on t he a nimal bac k. The 
ve hicle used was constitu ted with ethylene glyco l to which 10% T ri ton 
X- 100 was added as sur face active age nt. The a rea was delimi ted by a n 
open circula r ce ll fi xed hy s ilicone glue to prevent. spreadin g. 
The application t imes were 0.5, 2, 4, a nd 6 h, chosen in order to 
cove r most of t he usage conditions of compounds topica lly applied. At 
the end of applica tion, t he t rea ted a rea was washed twice (2 x 300 11l l 
Jan. 1985 
with etha no l:wate r (95:5), t he n r insed twice wit h distilled wate r (2 X 
300 I'll a nd dried off with cotton woo l. 
Conditions for the Total Percutaneous Absorption Measurements 
Fo r each compound a n d each duration of a pplica ti on , t he tota l 
amount pe net ra ting in 4 days wa s det e rmined by adding t he amounts 
found in t he excreta (urine+ feces) , in t he epide rmis a nd de rm is of the 
a pplication a rea (the stratum corneum be ing stripped to ta ke in to 
account t he non penetrated product) , a nd in t he whole a nima l body. 
Condition for the Stra tu m Com eum Reservoir Fu nction M easurements 
The rese rvo ir fun ction o f the horny laye r for eac h co mpound was 
assessed by 6 success ive st rippings (Invis ible tape ":3M") on t he t reated 
a reas of groups o f .5 a nima ls afte r a set a pplica tion ti me of 30 min. The 
m ethods used fo r t he measure men ts of radioactivity have been p revi-
ous ly desc ribed in full deta il s I10J. 
RESULTS 
Table I gives the kinetics of urinary excretion of the tested 
molecules . In Table II a re reported the percutaneous parame-
te rs of the compounds acco rding to their app lication time, 
recovery in the urinary and fecal excretion routes, body reten-
tion, and tota l absorption levels (illustrated by Fig 1) , 4 days 
after app lication. Table II also gives for each molecule the 
amounts found in the stratum corneum after a set application 
t ime of 30 min . Fig 2 shows, in the case of a 30- min application, 
t he linea r relation existing between the tota l penetration of the 
substa nces within 4 days and their leve ls in the stratum cor-
neum rese rvoir at t he end of application procedures . 
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DISCUSSION 
The compounds studied were chosen because of their differ-
ent phys icochemical properties, among which solubili ty is of 
great importance in percutaneous phenomena. Thus, theophyl-
line and nicotinic acid are more hydrophilic than are benzoic 
ac id or acetyl salicylic ac id. 
T he kinetics of urinary exc retion (Table f) show that nico-
tinic acid and theophylline are slowly eliminated while acetyl 
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TABLE II. Parameters of percut.aneous absorption of the molecules accordin.l} to their application time on the hairless rat 
Co mpounds 
!a pplicat ion tim e (h) U rine 
Theophy lline 
o .. s 1.61" 
(0.11 )" 
2 G.78 
(1.22) 
4 10.79 
(1. 12} 
6 21.18 
(4.31) 
Acetyl sa licy lic ac id 
O.G 6.86 
(1.16) 
2 21.29 
(0.1 4) 
4 45.28 
(2. 64) 
6 72.2 1 
(J 3.90) 
N icot ini c ac id 
0.5 6.67 
(1.3.5 ) 
2 16.30 
(5.39) 
4 48.02 
(1 1.:35) 
6 79.02 
(2G. 74) 
B e nzoic ac id 
0.5 17.4:3 
(2.:!8) 
2 73 . 10 
(:3.06) 
135.5S 
( 1:1.5:1} 
6 17:3.20 
(22.72) 
--~ -~ 
"Expressed in nnw l ·cm -" app li cat ion a rea. 
"SD (n = 5). 
T otal a mou nts found 9G h a ft e r 1op ica l a ppl ica tio n 
Ep idermis 
Feces + Anima l dermi s nren body 
treated 
0.20 0.04 0 
(0.03) (0.09) 
0.77 o. :35 0.08 
(0.08) (0. 17) (0.0.5) 
l.J 4 0. 25 0. 14 
(0.23) (0.07) (0.05} 
:2 .93 0.57 0.42 
(0.62) (0.1 3) (0 .1 9) 
0.80 0.4:2 0 
(0.53 ) (0.1 1) 
2.5:3 1.7:2 0. 15 
(0.45) (0.41) (0.05) 
4.57 3.71 0.01 
(1.89) (0.77 ) (0.006) 
8.02 2.40 0.01 
( 1.1 4) (1.32) (0.01) 
1.1 :2 0.7 1 7.20 
(0.2:2) (0.06) (1.01) 
6. 11 :3.06 19.31 
(1.14} (0.2:-l) (5.81) 
6.62 4.87 6:1.94 
( 1.23) (0.49) (l:l.90) 
7.40 8.7 1 84.89 
(2.75) ( 1.45) (33.83) 
0.8.5 0..10 0.06 
(0.27) (O. I:l) (0.02) 
4.65 0.6:! 0.:2 1 
(:2 .85) (0. ],')) (0.0 1) 
7.77 1.73 0. :2:1 
(1 67) (0.39) (0.07) 
9.90 1.81 0.25 
(:3.Ul (0.36) (0. 11) 
T otnl 
pcnet rHI ion 
1.85 
(0. 11 ) 
6.98 
(1.36} 
12.31 
(1.18} 
2:). 12 
(478) 
8.09 
(1.67} 
25.69 
(1.90) 
53.57 
(2.39) 
82.6.5 
(1 3.99) 
1.5.71 
(:2.46) 
44. 75 
(J 1.67) 
123.4 5 
(:2.5 . .50) 
180.0:2 
(61.47) 
18.7!i 
(2.57) 
78.60 
(5.1 8} 
145.:1:2 
(12.69) 
185.20 
(22.5.5) 
Amounts in s tra tum 
co rn eum of t rea l cd 
a rea :lO min after 
appl icclf ion 
2.53 
(0.30) 
5. 1.5 
(0.60) 
9.7:2 
(0.86) 
10.46 
(0.98) 
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FIG 2. Co rrelation betwee n the penerat.ion levels of the molecul es 
with in 96 h and their concentrat ion in the stratum co rneum after 30-
m in application on the hairless rat. Cu.ruc A, co rrelation obta ined in 
humans with increasing closes of benzoic ac id [7] Curue 8, Correlation 
obta ined in rats with l 0 molecu les [1 0). 
salicylic ac id is rapidly excreted and benzoic acid even more 
rapidly. In t he latter case, the 24-h urine fraction amounts to 
about 90% of the tota l quantity recove red within 4 days by this 
route (Tables I,II). It is of note t hat, independent of t he ir 
urinary exc retion kinetics, the urinary pathway rep resents, for 
a ll the molecules studied, 85-95% of their total e limination 
(urine+ feces). 
T able II shows t hat the penetration level of the tested mol-
ecules varies greatly. Thus, theophylline is absorbed about 10 
times less t han ben zo ic acid, known to be well absorbed [11, 
12). Moreover, it can be seen that this compound penetrates 
about 3- 4 times more than does acetyl salicy lic acid. These 
findings are in accordance, under different experimental con-
di t ions (dose applied and vehicle used) , with those reported in 
both huma ns [11) and rats [10) . Inversely, the present work 
shows that benzoic acid and nicotinic acid penetrate at the 
same leve l, whereas on huma ns [11] benzoic acid is absorbed 
125 times more t ha n is ni cotinic acid. These results once more 
demonstrate that extrapo lation of a nimal data to humans re-
ma ins hazardous. 
Numerous studi es have clea rly shown that in vivo percuta-
neous absorpt ion of molecu les may vary according to different 
parameters such as a nimal spec ies, anatomic site, amounts of 
drug appli ed, vehicle , etc. Moreover, t he time of app lication of 
a compound , close ly related to its fi e ld of use, may greatly 
influence the total amounts absorbed by the cutaneous in-
tegument. Nevertheless, it is worth noting that such a re lation 
has been poorly investigated in vivo. 
N umerous in vitro experiments on exc ised skin [13,14) have 
out lined, following a lag time depending on t he drug applied, 
t he linea r relation between the total amounts of product re-
covered in the subderm al medium and the duration of the 
experiment. Our data (Table JI, Fig 1) clearly show that the in 
vivo penetra t ion ra te of various mo lecu les is strictly propor-
t iona l to the time of application (in the limits of our experi-
menta l condi t ions: time ranging from 0.5- 6 h) . For each mole-
cule, such a linea r relation is of the y = a x form, where x 
represents the time of application and y the total amount of 
product penetrated within a 4-day period. The co rrelation 
coefficients have been found to be 0.98 for theophylline and 
0.99 fo r acety l salicylic acid, nicotinic acid, a nd benzoic acid. 
Th is type of correlation having been found on 4 molecules with 
different physicochemica l properties, it is reasonable to assume 
t hat it may constitute one of the laws of in vivo percutaneous 
absorpt ion phenomena. Moreover, from a theoretical view-
point, this re lation provides evidence that a constant flu x of 
penetration does rea lly ex ist in vivo. The fact that such flux is 
reached at a short time (30 min) , suggests that, in vivo, the 
de lay time of penetrat ion is extremely short. 
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This shortening of lag time cou ld be due, in part, to the 
existence (in vivo) of an efficient resorption of molecules by 
t he arteriovenous system. For obvious reasons, such resorption 
cannot occur in vitro systems. Therefore the lag t ime, in these 
systems, is likely linked to the time required for the compound 
to cross t he dermis and the subdermal tissues before reaching 
the subdermal medium. 
From a practical viewpoint, t his linear re lation implies that 
the knowledge of t he 4-day penetration of a molecule applied 
for 30 min, has a predictive va lue for penetrations resulting 
from longer t imes of application. 
Previous papers [7,10] have shown, in t he human and rat, 
that in the case of a 30-min application, the total amounts of 
molecules recovered within the stratum corneum reservoir are 
strictly corre lated with the amounts that penetrated in a 4-day 
period. Table II and Fig 2 show that this correlation is con-
firmed (r = 0.99) for the 4 molecules tested in this experiment. 
The total percutaneous absorption of a compound being directly 
linked to the duration of its application (Table II, Fig 1), the 
simple knowledge of the rese rvoir effect of the stratum corneum 
for a molecule applied for 30 min a llows the predictive assess-
ment of its penetration for various times of application. Thus, 
th is noninvasive method, when applied to humans, offers t he 
advantage that subjects need to be immobilized for on ly a short 
period. 
For technical reasons, these experiments were carried out by 
using radiolabeled compounds. Nevertheless, when taking ac-
count of the relatively large amounts of substances recovered 
within t he stratum corneum reservoir a t t he end of the app li -
cation time (30 min), classical ana lytical techniques can be 
undertaken using unlabeled molecules. This poss ibili ty en -
hances the feasibility of multiple percutaneous absorption stud-
ies either on laboratory animals or on humans. 
The authors would like to thank Drs. G. Kalopissis and D. Reymond 
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